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(54) METHOD AND APPARATUS FOR RE-TRANSMITTING DATA

(67)  The present disclosure provides a method for
re-transmitting data, wherein the method at a User Equip-
ment (UE) side comprises: receiving, by a UE, a re-trans-
mitted data packet from a base station, determining
whether to perform data combination according to a Sig-
nal to Interference-Noise Ratio (SINR) of a first-transmit-
ted data packet and a SINR of the re-transmitted data
packet; when it is determined to perform data combina-
tion, performing, by the UE, data combination for the

re-transmitted data packet according to information buff-
ered by the UE and detecting the re-transmitted data
packet according to a result of performed data combina-
tion; or when it is determined not to perform data combi-
nation, detecting, by the UE, the re-transmitted data
packet. The present disclosure also provides a method
for re-transmitting data at a base station side, a UE and
a base station for implementing the above methods, re-
spectively.

The base station determines a SIC order for each UE in
the user group according to a channel quality of each UE or  |~—501
a throughput of each UE in the user group

Y

For each UE corresponding to the re-transmitted data packet
in the user group, the base station determines whether to
perform data combination according to the SINR of the
first-transmitted data packet and the SINR of the
re-transmitted data packet, and calculates a throughput of
the user group according to the SIC order, a channel quality
of each UE in the user group and the determination result

——>502

Y

A transmission power allocation factor through which
the throughput of the user group becomes a maximum
is determined as a transmission power allocation factor

corresponding to each UE in the user group
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Description

Field of the Disclosure

[0001] The present disclosure relates to a wireless communication system, and more particularly to a method and
apparatus for re-transmitting data in a multiple user transmission system.

Background

[0002] In a multiple user transmission system, through allocating transmission resources appropriately, data may be
transmitted to multiple users simultaneously so as to improve data transmission efficiency. For example, in a Multiple
User Multiple Input Multiple Output (MU-MIMO) system, via multiple layers in spatial domain, a base station may serve
multiple users simultaneously.

[0003] Especially, due to limited spectrum resources, Non-Orthogonal Multiple Access (NOMA) has been more and
more focused by people since NOMA is able to greatly improve the spectrum efficiency. The basic idea of NOMA is to
perform non-orthogonal transmission at the transmitter, introduce interference intentionally, and detect data by a Se-
quential Interference Cancellation (SIC) technology at the receiver. Although SIC processing may increase complexity
at the receiver, the spectrum efficiency can be greatly improved.

Summary

[0004] The present disclosure provides a method for apparatus for re-transmitting data, to achieve downlink data re-
transmission in a multiple user transmission system.
[0005] According to an example of the present disclosure, a method for re-transmitting data at a UE side comprises:

receiving, by a User Equipment (UE), a re-transmitted data packet from a base station, determining whether to
perform data combination according to a Signal to Interference-Noise Ratio (SINR) of a first-transmitted data packet
and a SINR of the re-transmitted data packet;

when it is determined to perform data combination, performing, by the UE, data combination for the re-transmitted
data packet according to information buffered by the UE and detecting the re-transmitted data packet according to
a result of performed data combination; or

when it is determined not to perform data combination, detecting, by the UE, the re-transmitted data packet.

[0006] The information buffered by the UE comprises: soft channel bits obtained when the UE detects the first-trans-
mitted data packet;
performing data combination for the re-transmitted data packet according to the information buffered by the UE comprises:

combining the soft channel bits obtained when the UE detects the first-transmitted data packet and soft channel
bits obtained when the UE detects the re-transmitted data packet.

[0007] The UE buffers the soft channel bits until a whole data re-transmission procedure ends.
[0008] The method further comprises:

determining, by the UE, whether it is required to buffer a data packet of another UE which is detected successfully
when the UE detects the first-transmitted data packet;

wherein when it is determined that it is required to buffer the data packet of another UE, the information buffered by the
UE further comprises: the data packet of another UE.

[0009] The UE buffers the data packet of another UE until a first data re-transmission ends.

[0010] Determining whether to perform data combination according to the SINR of the first-transmitted data packet
and the SINR of the re-transmitted data packet comprises: determining, by the UE, whether the SINR of the first-
transmitted data packet and the SINR of the re-transmitted data packet satisfy the following condition; if the following
condition is satisfied, it is determined to perform data combination:

SINR, > —2

SINR,
a+?2
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wherein SINR, denotes the SINR of the first-transmitted data packet; SINR, denotes the SINR of the re-transmitted

2
packet and when transmitting the re-transmitted data packet, respectively.

[0011] According to an example of the present disclosure, a method for re-transmitting data at a base station side
comprises:

data packet; ¢ , hy and h, denote a channel transfer function when transmitting the first-transmitted data

determining, by a base station, a re-transmitted data packet after a detection failure message is received from a
User Equipment (UE);

performing, by the base station, user scheduling, determining another UE multiplexing a same resource with the
UE corresponding to the re-transmitted data packet, and generating a user group comprising the UE and the de-
termined another UE;

for each UE corresponding to the re-transmitted data packet in the user group, determining, by the base station,
whether to perform data combination according to a Signal to Interference-Noise Ratio (SINR) of a first-transmitted
data packet and a SINR of the re-transmitted data packet, and calculating a transmission power allocation factor
corresponding to each UE in the user group according to a channel quality of each UE in the user group and a
determination result after determining whether to perform data combination; and

allocating, by the base station, power for a data packet of each UE according to the calculated transmission power
allocation factor corresponding to each UE in the user group.

[0012] Determining whether to perform data combination according to the SINR of the first-transmitted data packet
and the SINR of the re-transmitted data packet comprises:

; a
when a condition SINR;”TX <

SINR;ng is satisfied, it is determined not to perform data combination for
o+2

the re-transmitted data packet;

; a
when a condition S[NR;"T" > —S]NR;"T" is satisfied, it is determined to perform data combination for the

a+?2
re-transmitted data packet;

wherein ' enotes the of the first-transmitted data packet corresponding to the n ,
herei ]]\]R’”TJC denotes the SINR of the fi dd ket ding to the nth UE S[NR;TJC
n

[

2

a channel transfer function when transmitting the first-transmitted data packet and the re-transmitted data packet
for the nth UE, respectively.

denotes the SINR of the re-transmitted data packet corresponding to the nth UE, @ =

h, and h, denote

2

[0013] Determining the transmission power allocation factor corresponding to each UE in the user group according to
a channel quality of each UE in the user group and the determination result after determining whether to perform data
combination comprises:

determining a Sequential Interference Cancellation (SIC) order according to a channel quality of each UE or a
throughput of each UE in the user group;

calculating a throughput of the user group according to the determined SIC order, a channel quality of each UE in
the user group and the determination result;

determining a transmission power allocation factor through which the throughput of the user group becomes a
maximum as a transmission power allocation factor corresponding to each UE in the user group.
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[0014] The throughput of the user group comprises one of a geometric mean throughput, a proportional fair scheduling
metric or an improved proportional fair scheduling metric.

[0015] Calculating the throughput of the user group according to the determined SIC order, a channel quality of each
UE in the user group and the determination result comprises:

when the nth UE corresponding to a first-transmitted data packet, a SINR used for calculating a throughput of the

nth UE is calculated by SINRn — S]NR’inTx;

when the nth UE corresponding to a re-transmitted data packet and it is determined not to perform data combination,

the SINR used for calculating a throughput of the nth UE is calculated by SINR = SINR;KTJC :

when the nth UE corresponding to a re-transmitted data packet and it is determined to perform data combination,

_ _ (a+1)°SINR”"™ - SINR™
the SINR used for calculating a throughput of the nth UE is amended by SINR = > - z , T” .
a SINR™™ + SINR™™

[0016] According to an example of the present disclosure, a User Equipment (UE) comprises:

areceiving module, configured to receive a first-transmitted data packet or a re-transmitted data packet from a base
station;

a data combination module, configured to for the re-transmitted data packet, determine whether to perform data
combination according to a Signal to Interference-Noise Ratio (SINR) of the first-transmitted data packet and a SINR
of the re-transmitted data packet; when it is determined to perform data combination, perform data combination for
the re-transmitted data packet according to information buffered by the UE;

a detecting module, configured to detect the first-transmitted data packet from the receiving module, and detect the
re-transmitted data packet according to a result of performed data combination from the data combination module; and

a feedback module, configured to feed back a detection failure message to the base station when the detecting
module fails to detect a data packet; feed back a detection success message to the base station when the detecting
module detects a data packet successfully.

[0017] The user equipment further comprises:
a buffering module, configured to buffer soft channel bits obtained when the detecting module detects a data packet;

wherein the data combination module is configured to combine the soft channel bits obtained when the detecting module
detects the first-transmitted data packet and soft channel bits obtained when the detecting module detects the re-
transmitted data packet.

[0018] According to an example of the present disclosure, a base station comprises:

a re-transmitted data packet determining module, configured to determine a re-transmitted data packet after a
detection failure message is received from a User Equipment (UE);

a scheduling module, configured to perform user scheduling, determine another UE multiplexing a same resource
with the UE corresponding to the re-transmitted data packet, and generate a user group comprising the UE and the
determined another UE;

a power allocation factor determining module, configured to for each UE corresponding to the re-transmitted data
packet in the user group, determine whether to perform data combination according to a Signal to Interference-
Noise Ratio (SINR) of a first-transmitted data packet and a SINR of the re-transmitted data packet, and calculate a
transmission power allocation factor corresponding to each UE in the user group according to a channel quality of
each UE in the user group and a determination result after determining whether to perform data combination; and



10

15

20

25

30

35

40

45

50

55

EP 3 068 064 A1

a power allocating module, configured to allocate power for a data packet of each UE according to the calculated
transmission power allocation factor corresponding to each UE in the user group.

[0019] According to examples of the present disclosure, UE may determine whether to perform data combination
according to the SINR of the first-transmitted data packet and the SINR of the re-transmitted data packet, hence the
result of deteriorated SINR after data combination may be avoided effectively. When the base station allocates the
transmission power for the re-transmitted data packet and another data packet, both the channel condition of each UE
and whether to perform data combination for the re-transmitted data packet are considered. Hence, in the case of
performing data combination, reducing the power for the UE corresponding to the re-transmitted data packet in some
degree may not impact the data re-transmission performance, and at the same time the transmission power of another
UE may be increased, so that the total system throughput may be enhanced.

[0020] Further, UE may only buffer the soft channel bits obtained when detecting the first-transmitted data packet,
and the duration for buffering may be the whole data re-transmission procedure. For the data packet of another UE
detected successfully, UE may not buffer or just buffer in a limited duration, for example, only buffering the data packet
during one data re-transmission procedure, so that buffer space of UE may be greatly reduced.

Brief Description of Drawings

[0021]

Fig. 1 is a flow chart illustrating a method for re-transmitting data at UE side according to an example of the present
disclosure;

Fig. 2 is a flow chart illustrating a method for re-transmitting data at UE side according to an example of the present
disclosure;

Fig. 3 is a schematic diagram illustrating timing sequence for re-transmitting data between a UE and a base station
according to an example of the present disclosure;

Fig. 4 is a flow chart illustrating a method for re-transmitting data at the base station side according to an example
of the present disclosure;

Fig. 5 is a flow chart illustrating a method for determining by the base station a transmission power allocation factor
corresponding to each UE in the user group according to an example of the present disclosure;

Fig. 6 is a schematic diagram illustrating a structure of a UE according to an example of the present disclosure;

Fig. 7 is a schematic diagram illustrating a structure of a base station according to an example of the present
disclosure.

Detailed Description

[0022] As described above, NOMA is able to greatly improve the spectrum efficiency. However, because multiple
users are scheduled simultaneously at each subband in the NOMA system, if data transmitted to one of the users is not
detected successfully at the receiver, and data re-transmission is required, how to re-transmit data to a single UE from
multiple user transmission point of view is one of the key problems that need to solve currently. Examples of the present
disclosure provide a method and apparatus for re-transmitting data. The method and apparatus can be applied in a
multiple user transmission system, e.g., a NOMA system.

[0023] In order to make technical solutions and merits of the present disclosure clearer, the present disclosure will be
described in detail in combination with examples and accompanying drawings.

[0024] Currently, in a Long-Term Evolution (LTE) or Long-Term Evolution-Advanced (LTE-A) system, when data
transmitted to one user is not detected successfully at the receiver, a Hybrid Automatic Repeat Request (HARQ) re-
transmission mechanism may be used for re-transmitting data. However, the HARQ re-transmission mechanism specified
in LTE/LTE-A system is designed with respect to a single user. Butin a NOMA system, data may be transmitted for the
first time and re-transmitted at a same subband, so that a more complex data re-transmission scheme in a NOMA system
is required to perform buffering of received signals and HARQ data combination at the user side, transmission power
allocation at the base station side, etc.

[0025] An example of the present disclosure provides a method for re-transmitting data, which is suitable for downlink
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data transmission in a NOMA system. In the present disclosure, for ease of description, a data packet transmitted by
the base station for the first time is called as a first-transmitted data packet, and a data packet re-transmitted by the
base station is called as a re-transmitted data packet.

[0026] Fig. 1 is a flow chart illustrating a method for re-transmitting data according to an example of the present
disclosure.

[0027] In block 101, when a UE receives a re-transmitted data packet from a base station, the UE determines whether
to perform data combination according to a Signal to Interference-Noise Ratio (SINR) of a first-transmitted data packet
and a SINR of the re-transmitted data packet.

[0028] In block 102, when the UE determines to perform data combination, the UE performs data combination for the
re-transmitted data packet according to information buffered by the UE and detects the re-transmitted data packet
according to a result of performed data combination.

[0029] In block 103, when the UE determines not to perform data combination, the UE detects the re-transmitted data
packet.

[0030] In an example, before performing block 101, the UE may first perform steps as shown in Fig. 2.

[0031] In block 201, the UE first detects a first-transmitted data packet transmitted from the base station.

[0032] In block 202, when the UE fails to detect the first-transmitted data packet, the UE feeds back a detection failure
message to the base station, and requests the base station to re-transmit the data packet that the UE fails to detect,
i.e., requests re-transmission, then continue to perform block 203.

[0033] In this block, when the UE detects the first-transmitted data packet successfully, the UE feeds back a detection
success message to the base station, and does not request re-transmission, so that the procedure ends.

[0034] In an example, as shown in Fig. 3, in the above-described block, assume the UE receives a downlink data
packet from the base station at a time instant t. If the UE detects the first-transmitted data packet successfully, the UE
may feed back a detection success message (e.g., a ACK message) to the base station at a time instant t+4; if the UE
fails to detect the received data packet, the UE may feed back a detection failure message (e.g., a NACK message) to
the base station at a time instant t+4, and requests the base station to re-transmit the data packet that the UE fails to
detect a time instant t.

[0035] In an example of the present disclosure, detecting the data packet successfully may be determined according
to whether a result of Cyclic Redundancy Check (CRC) performed to the data packet is correct.

[0036] In block 203, the UE buffers information obtained after the first-transmitted data packet is detected.

[0037] Inanexample,the UE may detect the data packet by using SIC. In specific, two ways of SIC may be performed:
A) symbol-level SIC: detecting data without channel decoding, and cancelling interference in the symbol level; B) code-
book-level SIC: performing demodulation and channel decoding and obtaining the recovered data, and then re-encoding
and modulating the recovered data, and cancelling interference. A) way of SIC may have a low complexity, but B) way
of SIC may have better performance.

[0038] Inthe above-described block, the information buffered by the UE may include soft channel bits. The soft channel
bits refer to a signal including noise (or interference), which is obtained after the received data packet is processed via
SIC and comprises information related to channel status. For example, if a received signal is represented by y=h*S+n,
where S is a signal for a user, h is a channel transfer function, and n is additive noise, a symbol or a bit metric obtained
after soft demodulating y (i.e., without hard decision) is regarded as the soft channel bits, or, a bit metric obtained after
demodulating and decoding y and before hard decision is regarded as the soft channel bits.

[0039] In another example, if a received signal in a NOMA system is represented by y=h*(S1+S2)+n, where S1 is a
signal of UE1, S2 is a signal of UE2. Assume after performing SIC to S1, it is obtained: z=h*S2+n+1(S1), where 1(S1)
denotes a residual interference due to S1, thus a bit metric obtained after soft demodulating z is regarded as the soft
channel bits, or, a bit metric obtained after demodulating and decoding y and before hard decision is regarded as the
soft channel bits.

[0040] It should be noted that, the "channel" included in the soft channel bits refer to the channel between the base
station and UE itself who receives the signal, but not includes a channel between the base station and a paired UE.
From the UE who performs SIC point of view, the received signal includes a signal of the UE itself and a signal of a
paired UE, which both propagates through a same wireless channel from the base station to the UE.

[0041] The soft channel bits buffered by the UE may be used for data combination for the re-transmitted data packet
in the following steps. In addition, the duration for buffering the soft channel bits may be a whole data re-transmission
procedure.

[0042] Further, in block 203, after the soft channel bits, does the UE need to buffer a data packet of another UE which
is detected successfully by the UE?

[0043] Research shows that the gain from buffering a data packet of another UE which are detected successfully by
the UE is much limited. For example, in a NOMA system, a user group scheduled in a subband includes: UE1 and UE2,
and a SIC priority of UE1 is higher than that of UE2. When performing SIC, an order to detect multiple signals is called
as a SIC order. The SIC order may be determined according to the UE’s SIC priority in an ascending order. The basic
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principle is to first detect a weak user, and then detect a strong user. In specific, when performing SIC, first detect a
signal of UE1 which has a low SINR (i.e., a weak UE) but is allocated with a large transmission power, the SIC priority
of UE1 may be configured as 1; then, detect a signal of UE2 which has a high SINR (i.e., a strong UE) but is allocated
with a small transmission power, the SIC priority of UE2 may be configured as 2. In addition, the SIC order is the same
for UE1 and UE2.

[0044] Thus, only in one case, combination gain may be obtained from buffering a data packet of another UE which
are detected successfully by the UE. That is, in the first transmission, UE1 does not detect the data packet of itself
successfully, while UE2 detects the data packet of UE1 successfully, but UE2 does not detect the data packet of itself
successfully. In the re-transmission, the base station re-transmits both data packet of UE1 and data packet of UE2
simultaneously, and UE2 does not detect the data packet of UE1 successfully. Because UE2 buffers the data packet of
UE1 which UE2 detects successfully, UE2 may perform interference cancellation according to the buffered data packet
of UE1 which UE2 detects successfully before, and then detect the data packet of itself, so that the combination gain
may be obtained.

[0045] Those skilled in the art may appreciate that, in a practical application, the probability of the above-described
scenario is much small. Hence, the gain from buffering a data packet of another UE which are detected successfully
before by the UE is much limited. Instead, buffering a data packet of another UE requires some buffer space of UE itself.
Therefore, in the examples of the present disclosure, when UE does not detect the data packet of itself successfully,
UE may not be required to buffer the data packet of another UE detected successfully, or UE may buffer the data packet
of another UE detected successfully before, but the buffering may happen only in a limited duration, for example, buffering
the data packet until the first data re-transmission is finished.

[0046] In an example, the UE may determine whether buffering the data packet of another UE which is detected
successfully when detecting the first-transmitted data packet according to the usage status of memory resources or the
remained space in the buffer. For example, when the UE determines that the memory resources already used is beyond
a pre-determined threshold, UE may select not buffering the data packet of another UE; otherwise, UE may select
buffering the data packet of another UE detected successfully before, but only in a limited duration. For example, the
pre-determined threshold is 60%.

[0047] In block 204, the UE receives the re-transmitted data packet from the base station.

[0048] In the examples of the present disclosure, when the base station performs user scheduling and determines the
subband used for transmitting the re-transmitted data packet, the subband may be sent to UE via a control channel.
Then UE may receive the re-transmitted data packet in the corresponding subband.

[0049] The following will describe in detail about determining whether to perform data combination according to a
SINR of a first-transmitted data packet and a SINR of the re-transmitted data packet in block 101.

[0050] In an example, assume in a NOMA system, a user group scheduled in a subband includes: UE1 and UE2. At
the base station, a first level modulation is used for the data packet of UE1, a second level modulation is used for the
data packetof UE2, thatis, a SIC priority of UE1 is higher than that of UE2. Because the channel of each UE is independent
and time-variant, the correlative relationship between the channel quality of UE1 and the channel quality of UE2 is
variant. For example, in the first transmission, channel condition of UE1 is good while channel condition of UE2 is bad,
i.e., the SINR of UE1 in the first transmission is high while the SINR of UE2 is low, so that UE1 may detect the data
packet of itself successfully, while UE2 may not detect the data packet of UE1 successfully and accordingly not detect
the data packet of itself successfully.

[0051] When transmitting the re-transmitted data packet of UE2, the channel condition of UE2 becomes better, and
a UE scheduled together with UE2 by the base station is UE3. The first level modulation is used for the data packet of
UE3, and the second level modulation is used for the data packet of UE2. Due to better channel condition, for example,
inter-user interference becomes low for UE2, then UE2 may detect the data packet of UE3 and the data packet of itself
successfully. In this case, if data combination is still performed for UE2, i.e., combining the buffered soft channel bits in
the first transmission and the soft channel bits in the re-transmission, the combination gain cannot be obtained, but the
SINR deterioration may be caused after combination. It can be seen that, in the NOMA system, the combination gain
cannot be obtained in all cases. Hence, UE may determine in which case it is worth to perform data combination.
[0052] In the following, the relationship among the SINR after combination, the SINR when transmitting the first-
transmitted data packet and the SINR when transmitting the re-transmitted data packet. Assume for the first transmission,
the channel transfer function is given by expression (1), then SINR when transmitting the first-transmitted data packet
is given by expression (2):

v, =hs +1, (1)
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o 2
SINR, =——-(2)
P +N

Iy

[0053] Assume for the re-transmission, the channel transfer function is given by expression (3), then SINR when
transmitting the re-transmitted data packet is given by expression (4):

v, =h,s,+1, 3)

Pl k.,

SINR, ===
I

where h; and h, denote a channel transfer function when transmitting the first-transmitted data packet and when trans-
mitting the re-transmitted the data packet, respectively; s; and s, denote a signal corresponding to the first-transmitted
data packet and the re-transmitted data packet, respectively; y; and y, denote a received signal when first transmitting
and when re-transmitting, respectively; /; and I, denote an interference signal when first transmitting and when re-
transmitting, respectively; Py, and P, denote power of a transmitted signal when first transmitting and when re-trans-
mitting, respectively; P, and P,, denote power of an interference signal when first transmitting and when re-transmitting,
respectively; N denotes the power of noise.

[0054] Assume Py, = P, = P and ignore the power of noise N. At the UE side, after soft combining (e.g., Chase

52
Combining), the SINR of combined signal is given by expression (5):

e
C Rl R,

SINR, (5)

[0055] Itcan be seen that, if the combination gain is desired to obtain, a condition SINR;, > SINR, is required to satisfy.
In this case, by deducing the above-described expression, the condition is given by expression (6):

[l

SINR > ~SINR, (6)

GRS

[0056] That is, when the condition given by expression (6) is satisfied, UE may perform data combination, otherwise,
the UE should not perform data combination.

2
4]
PR
2

[0057] In order to simplify the condition given by expression (6), let ¢ = then the condition is given by ex-
pression (7):

SINR >—=
a+2

SINR, (7)

[0058] That is, when the SINR of the first-transmitted data packet SINR,; and the SINR of the re-transmitted data
packet SINR, satisfies the above-described condition given by expression (7), the combination gain can be obtained,
and UE may select to perform data combination.

[0059] Assume |h4|2 = |hy|2, the above-described expression may be further simplified. As a result, when
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S[NR1 > lS[NR2 , UE may select to perform data combination.
3

[0060] It should be noted that, in the above-described block 102, the UE may use some data combination methods
to perform data combination, for example, maximal ratio combining, and equal gain combining.

[0061] Further, in the above-described method, if UE still fails to detect the re-transmitted data packet, it may request
the second re-transmission, and then go back to perform block 101. If UE detects the re-transmitted data packet suc-
cessfully, UE may delete the buffered information, and the data re-transmission procedure ends.

[0062] According to the above-described method, in the examples of the present disclosure, after the re-transmitted
data packet is received, UE may first determine whether to perform data combination according to the SINR of the first-
transmitted data packet and the SINR of the re-transmitted data packet, but not directly perform data combination, hence
the result of deteriorated SINR after data combination may be avoided effectively.

[0063] In addition, UE may only buffer the information about channel status after the SIC operation, and the duration
for buffering may be the whole data re-transmission procedure. For the data packet of other UEs detected successfully,
UE may not store or just store in a limited duration, for example, only buffering the data packet of other UEs during one
data re-transmission procedure, so that buffer space of UE may be greatly reduced.

[0064] In combination with accompanying drawings, a method for performing a downlink data re-transmission by a
base station in a NOMA system will be described in detail. Fig. 4 is a flow chart illustrating a method for re-transmitting
data at the base station side according to an example of the present disclosure. The method may be applied in downlink
data transmission in a NOMA system.

[0065] In block 401, the base station determines a re-transmitted data packet after a detection failure message is
received from a UE.

[0066] As described above, assume the base station transmits a downlink data packet at a time instant t, and then
UE may feed back a detection success/failure message (e.g., ACK/NACK message) at a time instant t+4. If the base
station receives a NACK message feed back from a UE, it indicates that the UE fails to detect the data packet transmitted
by the base station at the time instant t, so the base station is required to re-transmit the data packet which is transmitted
to this UE at the time instant t, thus the re-transmitted data packet is determined by the base station.

[0067] In block 402, the base station performs user scheduling, determines another UE multiplexing a same resource
with the UE corresponding to the re-transmitted data packet, and generates a user group comprising the UE and the
determined another UE.

[0068] In an example, the resource may refer to a subband. By pairing another UE with the UE corresponding to the
re-transmitted data packet, the base station may list all the possible user groups as the candidate user groups, and then
select one user group with a maximum scheduling metric from the candidate user groups as the final user group to be
scheduled.

[0069] In block 403, for each UE corresponding to the re-transmitted data packet in the user group, the base station
determines whether to perform data combination according to the SINR of the first-transmitted data packet and the SINR
of the re-transmitted data packet, and calculates a transmission power allocation factor corresponding to each UE in
the user group according to a channel quality of each UE in the user group and the determination result after determining
whether to perform data combination.

[0070] In block 404, the base station allocates power for each UE according to the calculated transmission power
allocation factor corresponding to each UE in the user group.

[0071] Incombination with Fig. 5, calculating by the base the station transmission power allocation factor corresponding
to each UE in the user group in block 403 is described in detail in the following.

[0072] In block 501, the base station determines a SIC order for each UE in the user group according to a channel
quality of each UE or a throughput of each UE in the user group.

[0073] In this block, the SIC order may be determined according to the ascending order of channel qualities (e.g.,
SINRs) or throughputs of all UEs in the user group. As an instance, the user group to be scheduled includes three users,
i.e., UE1, UE2, and UES, in which the channel quality of UE2 is the best, the channel quality of UE1 is in the middle,
and the channel quality of UE3 is the worst, while the throughput of UE1 is a maximum, the throughput of UE2 is in the
middle, and the throughput of UE3 is a minimum. If the SIC order is determined according to the ascending order of
channel qualities, the SIC order for UEs in the user group is UE3, UE1 and UE2. If the SIC order is determined according
to the ascending order of throughputs, the SIC order for UEs in the user group is UE3, UE2 and UE 1.

[0074] In an example, the channel quality may be represented by a Channel Quality Indicator (CQlI) of the UE.
[0075] In block 502, for each UE corresponding to the re-transmitted data packet in the user group, the base station
determines whether to perform data combination according to the SINR of the first-transmitted data packet and the SINR
of the re-transmitted data packet, and calculates a throughput of the user group according to the SIC order, a channel
quality of each UE in the user group and the determination result.
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[0076] In an example, the throughput of the user group may be a geometric mean throughput, a proportional fair
scheduling metric or an improved proportional fair scheduling metric, etc.

[0077] Take the geometric mean throughput of the UE as an example to illustrate the method for calculating the
throughput of the user group. If the throughput of the user group is represented by the geometric mean throughput of
UEs in the user group, the throughput of the user group is given by expression (8):

where Thr,, denotes the throughput of the nth UE in the user group, which is given by expression (9), N denotes the total
number of UEs in the user group.

Thr, = BWg, xSE)'” x (1= BLER) | g, (9)

where BWgg denotes the bandwidth of a subband, §E*“ denotes the maximal spectrum efficiency achievable by
n

the Modulation and Coding Scheme (MCS) supported by the nth UE under SINR,,, BI.ERY® denotes the BLock
n

Error Rate (BLER) when the maximal spectrum efficiency MCS of the nth UE is achieved under SINR,,, SINR,, denotes
the SINR of the nth UE, and |g;yg, denotes the premise under SINR,,. When calculating SINR,, the SIC order is used

to calculate the inter-user interference.

[0078] In the example, when calculating a throughput of the user group, besides the channel quality of each UE, it is
determined whether to perform data combination for the re-transmitted data packet. When it is determined to perform
data combination for the re-transmitted data packet, the SINR corresponding to each UE in the user group may be
amended. For example, when calculating a throughput of each UE in the user group, the SINR of the nth UE SINR,, may
be determined as follows:

If the data packet transmitted to the nth UE is a first-transmitted data packet, the SINR of the nth UE SINR,, refers
to the SINR of the first-transmitted data packet, i.e., SINR, may be calculated by expression (10):

SINR, = SINR™ (10)

[0079] If the data packet transmitted to the nth UE is a re-transmitted data packet, and it is determined that it is not
required to perform data combination for the re-transmitted data packet (i.e., satisfying the condition

(4

S[NRiﬂTx < S[NRfTX ), the SINR of the nth UE SINR,, may be calculated by expression (11):

o+2

SINR, = SINR"™ (11)

[0080] If the data packet transmitted to the nth UE is a re-transmitted data packet, and it is determined to perform data

, a
combination for the re-transmitted data packet (i.e., satisfying the condition SINR:’TX > SINR;ETX ), the SINR
a+?2
of the nth UE SINR, may be amended by expression (12):

(a +1)*SINR™™ - SINR™
a’SINR”™ + SINR"™

SINR, = (12)

10
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[0081] In the above expressions (10), (11) and (12), S]NRi”T" denotes the SINR when transmitting the first-trans-
13

mitted data packet corresponding to the nth UE, SINR reIx  denotes the SINR when transmitting the re-transmitted
n

2
data packet corresponding to the nth UE, 4 = % , h, and h, denote a channel transfer function when transmitting
|
the first-transmitted data packet and the re-transmitted data packet for the nth UE, respectively.
[0082] It can be seen that, when the base station determines the SINR corresponding to each UE in the user group,
ifthe data packet transmitted to the nth UE is a re-transmitted data packet, and itis determined to perform data combination
for the re-transmitted data packet, the SINR corresponding to the UE is required to be amended. The amended SINR
is not only related to the SINR when transmitting the re-transmitted data packet, but also related to the SINR when first
transmitting the data packet. Further, when the base station calculates the throughput of the user group, for the UE
corresponding to a re-transmitted data packet for which data combination is performed, the amended SINR is used, i.e.,
when calculating the throughput of the user group, both the channel condition of the UE in the user group and a data
combination gain of the re-transmitted data packet are considered.
[0083] In block 503, a transmission power allocation factor through which the throughput of the user group becomes
a maximum is determined as a transmission power allocation factor corresponding to each UE in the user group.
[0084] It can be seen that, in the above-described example, when the base station allocates the transmission power
for the re-transmitted data packet and another data packet, both the channel condition of each UE and whether to perform
data combination for the re-transmitted data packet are considered. Hence, in the case of performing data combination,
reducing the power for the UE corresponding to the re-transmitted data packet in some degree may not impact the data
re-transmission performance, and at the same time the transmission power of another UE may be increased, so that
the total system throughput may be enhanced.
[0085] Besides the method for re-transmitting data as described above, examples of the present disclosure also provide
a UE and a base station performing the above-described methods. The structure of UE is shown in Fig. 6, comprising:

a receiving module 601, configured to receive a first-transmitted data packet or a re-transmitted data packet from
a base station;

a data combination module 602, configured to for the re-transmitted data packet, determine whether to perform data
combination according to a Signal to Interference-Noise Ratio (SINR) of the first-transmitted data packet and a SINR
of the re-transmitted data packet; when it is determined to perform data combination, perform data combination for
the re-transmitted data packet according to information buffered by the UE;

a detecting module 603, configured to detect the first-transmitted data packet from the receiving module 601, and
detect the re-transmitted data packet according to a result of performed data combination from the data combination
module 602; and

a feedback module 604, configured to feed back a detection failure message to the base station when the detecting
module 603 fails to detect a data packet; feed back a detection success message to the base station when the
detecting module detects a data packet successfully.

[0086] Inanexample, the data combination module 602 may determine whether to perform data combination according
to the method as described in block 101.

[0087] The UE may further comprise: a buffering module 605, configured to buffer information obtained when the
detecting module 603 detects a data packet, such as the soft channel bits. The buffering module 605 may buffer the
above-described soft channel bits until the whole data re-transmission procedure ends.

[0088] In an example, when the detecting module 603 does not detect the data packet of itself successfully, the
buffering module 605 may not buffer the data packet of another UE which is detected successfully, or may buffer the
data packet of another UE which is detected successfully before, but the buffering may happen only in a limited duration,
for example, buffering the data packet until the first data re-transmission is finished.

[0089] It can be seen that, according to examples of the present disclosure, after the re-transmitted data packet is
received, UE may first determine whether to perform data combination according to the SINR of the first-transmitted
data packet and the SINR of the re-transmitted data packet, hence the result of deteriorated SINR after data combination
may be avoided effectively.
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[0090] In addition, UE may only buffer the soft channel bits after the SIC operation, and the duration for buffering may
be the whole data re-transmission procedure. For the data packet detected successfully, UE may not store or just store
in a limited duration, for example, only buffering the data packet during one data re-transmission procedure, so that
buffer space of UE may be greatly reduced.

[0091] The structure of a base station is shown in Fig. 7, comprising:

a re-transmitted data packet determining module 701, configured to determine a re-transmitted data packet after a
detection failure message is received from a User Equipment (UE);

ascheduling module 702, configured to perform user scheduling, determine another UE multiplexing a same resource
with the UE corresponding to the re-transmitted data packet, and generate a user group comprising the UE and the
determined another UE;

a power allocation factor determining module 703, configured to for each UE corresponding to the re-transmitted
data packet in the user group, determine whether to perform data combination according to a Signal to Interference-
Noise Ratio (SINR) of a first-transmitted data packet and a SINR of the re-transmitted data packet, and calculate a
transmission power allocation factor corresponding to each UE in the user group according to a channel quality of
each UE in the user group and a determination result after determining whether to perform data combination; and

a power allocating module 704, configured to allocate power for a data packet of each UE according to the calculated
transmission power allocation factor corresponding to each UE in the user group.

[0092] It can be seen that, in the above-described example, when the base station allocates the transmission power
for the re-transmitted data packet and another data packet, both the channel condition of each UE and whether to perform
data combination for the re-transmitted data packet are considered. Hence, in the case of performing data combination,
reducing the power for the UE corresponding to the re-transmitted packet in some degree may not impact the re-
transmission performance, and at the same time the transmission power of another UE may be increased, so that the
total system throughput may be enhanced.

[0093] The foregoing is preferred examples of the present disclosure, which is not used for limiting the protection
scope of the present disclosure. Any modifications, equivalent substitutions and improvements made within the spirit
and principle of the present disclosure, should be covered by the protection scope of the present disclosure.

Claims
1. A method for re-transmitting data, comprising:

receiving, by a User Equipment (UE), a re-transmitted data packet from a base station, determining whether to
perform data combination according to a Signal to Interference-Noise Ratio (SINR) of a first-transmitted data
packet and a SINR of the re-transmitted data packet;

when it is determined to perform data combination, performing, by the UE, data combination for the re-transmitted
data packet according to information buffered by the UE and detecting the re-transmitted data packet according
to a result of performed data combination; or

when it is determined not to perform data combination, detecting, by the UE, the re-transmitted data packet.

2. The method of claim 1, wherein the information buffered by the UE comprises:
soft channel bits obtained when the UE detects the first-transmitted data packet;
performing data combination for the re-transmitted data packet according to the information buffered by the UE
comprises:
combining the soft channel bits obtained when the UE detects the first-transmitted data packet and soft channel
bits obtained when the UE detects the re-transmitted data packet.

3. Themethod of claim 2, wherein the UE buffers the soft channel bits until a whole data re-transmission procedure ends.

4. The method of claim 2, further comprising:

determining, by the UE, whether itis required to buffer a data packet of another UE which is detected successfully

12
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when the UE detects the first-transmitted data packet;

wherein when it is determined that it is required to buffer the data packet of another UE, the information buffered
by the UE further comprises: the data packet of another UE.

5. The method of claim 4, wherein the UE buffers the data packet of another UE until a first data re-transmission ends.

6. The method of claim 1, wherein determining whether to perform data combination according to the SINR of the first-
transmitted data packet and the SINR of the re-transmitted data packet comprises:

determining, by the UE, whether the SINR of the first-transmitted data packet and the SINR of the re-transmitted

data packet satisfy the following condition; if the following condition is satisfied, it is determined to perform data
combination:

(4

SINR > SINR,

a+?2

wherein SINR; denotes the SINR of the first-transmitted data packet; SINR, denotes the SINR of the re-trans-

Il

mitted data packet; >

hy and h, denote a channel transfer function when transmitting the first-
2
transmitted data packet and when transmitting the re-transmitted data packet, respectively.

7. A method for re-transmitting data, comprising:

determining, by a base station, a re-transmitted data packet after a detection failure message is received from
a User Equipment (UE);

performing, by the base station, user scheduling, determining another UE multiplexing a same resource with
the UE corresponding to the re-transmitted data packet, and generating a user group comprising the UE and
the determined another UE;

for each UE corresponding to the re-transmitted data packet in the user group, determining, by the base station,
whether to perform data combination according to a Signal to Interference-Noise Ratio (SINR) of a first-trans-
mitted data packet and a SINR of the re-transmitted data packet, and calculating a transmission power allocation
factor corresponding to each UE in the user group according to a channel quality of each UE in the user group
and a determination result after determining whether to perform data combination; and

allocating, by the base station, power for a data packet of each UE according to the calculated transmission
power allocation factor corresponding to each UE in the user group.

8. The method of claim 7, wherein determining whether to perform data combination according to the SINR of the first-
transmitted data packet and the SINR of the re-transmitted data packet comprises:

(01

when a condition S]NR:;"TX < —S]NRZETX is satisfied, it is determined not to perform data combination
a+?2
for the re-transmitted data packet;
; (94
when a condition SINR;"TX > —ZSINR;eTx is satisfied, it is determined to perform data combination for
o+

the re-transmitted data packet;

reTx

wherein inTx denotes the SINR of the first-transmitted data packet corresponding to the nth UE, SINR
SINR
n

[

2 2

n

denotes the SINR of the re-transmitted data packet corresponding to the nth UE, o = hy and h, denote a

2
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channel transfer function when transmitting the first-transmitted data packet and the re-transmitted data packet for
the nth UE, respectively.

The method of claim 8, wherein determining the transmission power allocation factor corresponding to each UE in
the user group according to a channel quality of each UE in the user group and the determination result after
determining whether to perform data combination comprises:

determining a Sequential Interference Cancellation (SIC) order according to a channel quality of each UE or a
throughput of each UE in the user group;

calculating a throughput of the user group according to the determined SIC order, a channel quality of each UE
in the user group and the determination result;

determining a transmission power allocation factor through which the throughput of the user group becomes a
maximum as a transmission power allocation factor corresponding to each UE in the user group.

The method of claim 9, wherein the throughput of the user group comprises one of a geometric mean throughput,
a proportional fair scheduling metric or an improved proportional fair scheduling metric.

The method of claim 9, wherein calculating the throughput of the user group according to the determined SIC order,
a channel quality of each UE in the user group and the determination result comprises:
when the nth UE corresponding to a first-transmitted data packet, a SINR used for calculating a throughput of
the nth UE is calculated by SINR, = SINR™™; SINR,
when the nth a UE corresponding to a re-transmitted data packet and it is determined not to perform data
combination, the SINR used for calculating a throughput of the nth UE is calculated by S]NRn = S]]\]R’:ebC ;

when the nth UE corresponding to a re-transmitted data packet and it is determined to perform data combination,
the SINR used for vcalculating a throughput of the nth UE is amended by

(a+1)>SINR"™ . SINR"™
a’SINR™ + SINR"™

SINR, =

A User Equipment (UE), comprising:

a receiving module, configured to receive a first-transmitted data packet or a re-transmitted data packet from
a base station;

a data combination module, configured to for the re-transmitted data packet, determine whether to perform data
combination according to a Signal to Interference-Noise Ratio (SINR) of the first-transmitted data packet and
a SINR of the re-transmitted data packet; when it is determined to perform data combination, perform data
combination for the re-transmitted data packet according to information buffered by the UE;

a detecting module, configured to detect the first-transmitted data packet from the receiving module, and detect
the re-transmitted data packet according to a result of performed data combination from the data combination
module; and

a feedback module, configured to feed back a detection failure message to the base station when the detecting
module fails to detect a data packet; feed back a detection success message to the base station when the
detecting module detects a data packet successfully.

The user equipment of claim 12, further comprising:

a buffering module, configured to buffer soft channel bits obtained when the detecting module detects a data
packet;

wherein the data combination module is configured to when it is determined to perform data combination, combine
the soft channel bits obtained when the detecting module detects the first-transmitted data packet and soft channel

bits obtained when the detecting module detects the re-transmitted data packet.

A base station, comprising:
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a re-transmitted data packet determining module, configured to determine a re-transmitted data packet after a
detection failure message is received from a User Equipment (UE);

aschedulingmodule, configured to perform user scheduling, determine another UE multiplexing a same resource
with the UE corresponding to the re-transmitted data packet, and generate a user group comprising the UE and
the determined another UE;

a power allocation factor determining module, configured to for each UE corresponding to the re-transmitted
data packet in the user group, determine whether to perform data combination according to a Signal to Inter-
ference-Noise Ratio (SINR) of a first-transmitted data packet and a SINR of the re-transmitted data packet, and
calculate a transmission power allocation factor corresponding to each UE in the user group according to a
channel quality of each UE in the user group and a determination result after determining whether to perform
data combination; and

a power allocating module, configured to allocate power for a data packet of each UE according to the calculated
transmission power allocation factor corresponding to each UE in the user group.

15
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The UE first detects a first-transmitted data
packet transmitted from the base station

l

When the UE fails to detect the first-transmitted
data packet, the UE feeds back a detection
failure message to the base station,
and requests re-transmission
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The UE buffers information obtained after
the first-transmitted data packet is detected
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The UE receives the re-transmitted data packet
from the base station
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Fig. 2
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The base station determines a re-transmitted data packet
after a detection failure message is received from a UE
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The base station determines a SIC order for each UE in
the user group according to a channel quality of each UE or
a throughput of each UE in the user group
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For each UE corresponding to the re-transmitted data packet
in the user group, the base station determines whether to
perform data combination according to the SINR of the
first-transmitted data packet and the SINR of the
re-transmitted data packet, and calculates a throughput of
the user group according to the SIC order, a channel quality
of each UE in the user group and the determination result
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l
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